(12) 



UK Patent Application ...GB .n, 2 016 181 A 



(21) Application No 7902382 

(22) Date of filing 23 Jan 1979 

(23) Claims filed 23 Jan 1979 

(30) Priority data 

(31) 877083 

(32) 13 Feb 1978 

(33) United States of America 
(US) 

(43) Application published 
19 Sep 1979 

(51) INTCL* 
G06F7/39 

(52) Domestic classification 
G4A2B3 2B4 2BY2C 2E 
2F8MD 

(56) Documents cited 

GB 1248989 

GB 1195410 

GB 945975 

GB 908272 
(58) Field of search 

G4A 

(71) Applicants 
Burroughs Corporation, 
Burroughs Place, 
Detroit, 

Michigan 48232, 
United States of America 

(72) Inventors 

Daniel Danko Gajski 
Chandrakant Ratilal Vora 
(74) Agents 

G.F. Redf ern fit Company 



(54) Multiplication circuit using col- 
umn compression 

(57) A high speed parallel operation, 
multiplication circuit has multiplier mul- 
tiplexor components 101-104, column 
compressor com ponentsi 11 -118, and 
arithmetic units 120-123 which perform 
addition operations to provide a resul- 
tant product. The multiplier multiplexor 
components 101-104 may be im- 
plemented using a modified Booth's 
algorithm and generate, in parallel, an 
array of partial products in a single 
operation time, and the column com- 
pressor components 111-118 operate to 
process every column within a single 
operation time whereby every input 
creates an output In essentially the 
same propagation time, i.e., true para- 
llel operation requiring preferably no 
more than an average column propaga- 
tion delay time. 
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SPECIFICATION 

Multiplication scheme using column compressors 

5 ''^Z^^s^^^^c.oos^ components for digital data processing systems and more particularly ^ 

for an arithmetic device for performing [^If ^X'l"3"n many co"mputing devices is of prime consideration. 
The speed at which calculations may be performed mm^^^^^^^ purposes, typically requiring a 

same time. arithmPtic devices is more complicated than addition, the speed 

one partial product for each bit of the '""'»'P''^r' V^^Vriedo^^^^^ and were quite time consuming, 
multiplier. These shift operations -^^^^^ll^Z^^^Z'S.^^^^^ »° ^"^'^ . 20 

involving a delay time -^"""l^^^^^^ or ones. However, such improvements have 

20 multiplication scheme have involved s'^'PP'"^ invention. 

not yielded a multiplier having '^^^^J'^^.'^JZ^^^ eariier computing devices. These schemes 

Other multiplication schemes have fi«^" .^e multiplier logic need only perform two 

have wherein the two operands ^^'I'^^^J^^^^^'^^^^ multiplication wherein a continuous 

squaring functions followed by a ^^''^"^ °"' ^^^^^^^^ wheVe multiplication was performed on each 
25 stream of operands was fed into ^P^-J'^^'f^^J^^^^^^^ stream of products resulted. Neither 

pair of operands on successive oPf^«*'°"^\^y*^£^^lh foroce^^ speed required of the subject invention, 
of these schemes, however provided J. Mich., Appl. Math, Vol 4. Part 

A.D. Booth published "A Signed ^'nf JV Mum P ^. • ^ construction of much 

2, 1951. which has become known as provides for a uniform shift method which 

30 faster multipliers than previously available. ^0°^^^ A^^orrt^^^^ ^^^^^^^ ^^^^^ 

°°W?« now, however ie an even ,=«.r n,u,,iplloa.,on drcuH .h,n oor™n«y .va«ab„ ,ron, *o pnor 

multiplication. . »„„,„„iriocuch a circuit having true parallel operation of the column 

propagation delay to ^'''"'S^^ „ ,„eh a circuit wherein the complete multlplicaUon product 

55 monolithic, large scale, integrated circuitry. 

Summary of the Invention ^^^^^^d in a hiqh speed, parallel operation, multiplication circuit 

The objectives of this invention scale, integrated circuitry 

which may be implemented m products formed from multiples of the 

orLba:rJr4„rc.^SraTrorwt^^^^^^^^^ 

operand. ^^^^^ ^ ___.3y partial products to compress the initial array mto 

65 A column compressor may operate upon the array ot pan m 
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10 



successively smaller arrays, reducing the number of rows until only two rows remain. Compression may be 
achieved for each column, and concurrently with the other columns. «r«H..nt 
A carry-look ahead adder may operate upon the remaining two rows to provide the complete proauci. 

' ^J^e^^^^^^ of operation and special features of this invention may be readily understood 

from a reading of the following detailed description of the invention in conjunction with the accompanying 
drawings in which like numerals refer to like elements and in which: . ^ . 

Figure 1 is a circuit diagram of an 8 bit x 8 bit multiplication circuit embodying the „ 
pLre 2 presents a circuit diagram of a single multiplication multiplexor shown m broken ^^P^^^^"*^^^^^^^ 
asXpHcation of identical elements, a plurality of which multiplication multiplexors are found m the circuit 

""^Hgultsk 3A and 38 comprise a circuit diagram of a single column compressor, a plurality of which 
column cornpressors are found in the circuit of Figure 1 . 
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An unsigned integer multiplication circuit. Figure 1 , for handling an e ght bit ""f 'P''«Viic "tpntfof 
bJ.a^ multiplicand 106 is implemented on two I.C. chips. The mult.pl.cat.on scheme of th.8 mvent,on^^ 
^LorWtlctn obtain a final oroduct 1 10 in essentially two operations. In the first operation, a set of addends is 

'° oEe^betg heS^^ 

SSopeSn the set of addends is reduced to a sum equaling the final product 110. Product 1 10 .s a 

"^hrnSmeSpTrtTafproduct set (matrix array) is generated in a partial product array comprising four 
idenTaZultipliermultiplexorcomponents101,102,103. 104 ofatype available from Burrough^^^^ 

Smoration part number ECML-2iy/l31. Figure 1 shows the partial product array operating upon e ght bit 
muSiplSrd' represented by X„ through X„ wherein is the least significant bit; and an eight bit 
multlDlier 108 represented by Yo through Y7, wherein Yo is the least significant bit. „.:„««tho 

Each of the multiplier multiplexors 101, 102, 103, 104 generates two-times, one-times, o"ero-tmne^^^ 
muSSicand 106, in true or complemented form corresponding to the value of he Part'cu'ar three bits of 
mu Tip canu , inputs. The additional input "P" controls the 

The o^Jp^^^^^^^^ PB)from each of the multiplier multiplexors 101, 102, 103 and 104for or g.ven 

input signals on its "Y-1 YO" and "Y1 " input terminals. 
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0 



"Y-r 



1 

0 

1 
1 
1 

0 

1 
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TABLE I 

"Pi" 

"P"=0 

1 

X, 

Xi 
Xi 
0 



1 

Xi 
Xi 

Xi_i 

% 
0 



"Pa" 
P=0 
1 

Ky 

X7 
X7 
X7 
X7 

0 



p=1 
1 

X7 
X7 
X7 
X7 

X7 

0 
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WHERE: 

i - (P ^X.) (Y1Y 0Y-1 +TlYC^ll+ (Pi^M)TlY0Y:1 

+ (P^C^7yi76y::T + (p©^ 

+ Y1Y0Y-1 



55 



(P©X7) (Y1Y0Y-1 +'Y1Y0Y=T + Y1YOY-1) + (PQX?) 
(Y1Y07=^ + Yl"Voy-1 + Y1Y0Y-1) + Y1Y0Y-1 

^"iS^na t^il^^^^^ product array (MM 101-104) interconnection. Figure 1 , each multiplier multiplexor 
101 ?Sri53,^f ^^^^^^^^^ for operating in parallel and has its " y input termmal con^^^^ 

tothe X^ bit of the multiplicand 106; Its "X," input terminal connected m common ^^f^^^^^ _ 
multiplSand 106; its "X/' input terminal connected in common to the X2 bit of the multiplicand 106, its X3 
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15 



ts "x"' nput terminal connected in comn^on to the X, bit of the t.pl.cand 106. 
KiiV/^ni K« itc"Y i''irinijt and its ''Y-V' input terminal connected to ground. While Its yu '"P"^ 
' tern^Ms '/cnnLid'to tK oShe^'multipUer 106 and its "Y1" input terminal is connected to the Y, b.t 
of the multiplier. , pnnnected to the Yt bit of the multiplier 

connected to the bit °f t^^^ "/"'^'P^^^^ ^qI 102. 103 and 104 are fed directly into the inputs of eight 

The outputs from the '""'^'P^f; '^'a 1 1 5. 116, 1 17 and 1 18 connected to operate in parallel 

column compressor components "J' " dis'cuss^^^^^ Each of the column compressors (CO 

and which perform the array or -^f ^^^^/f f "^=1'°" ^'J^^^^^^^^^ Corporation and identified by part 20 

90 1 1 1-1 1 8 is an identical conriponent of the type manutacturea pv °" a „ , ^ „ „ „ 

"S2d" output connected to the Sjb »nput of cu ^ ' Jr^f' ^ . of CC 1 15 CC 1 15 has its "Sjd" 

CC ?14. Likewise CC 114 has its ''S.o'' output conn ct^^^ he S« "^^^.^^J^^^^^the »^ i„p^^of CC 

output connected to the "Sjb" input of CC1 16. CC 116 has Its 

30 1 17, and CG1 17 has "^.a-output c^^^^^^^^ Sju o?CC 17, likewise the "Soc" output of CC 1 17 is 

cre;t«™^^ 

35 "Soc" output of CC 1 12 is connected to the "Soe '"P"J ^^ile "C," input is connected to the Po 

The "Co" input of CC 1 1 2 .s connected to the ^3 b't of mu t,p he^^^UB j connected to the P, 

output of MM 102, the "C3" input is ''°""««^«^*°J.^f/,^ °"pP"^^^ if MM 101. 

output of MM 102, and the "D3" '"P") '"^^^f^^ "Co" input is connected to 

The "Ce" input of CC 1 13 is connected to the °'t °* ^"J^'P'^^^^^ ^M 102. the "C^" input is connected 40 
40 the Po output of MM 103, the "C," input .s connected to the Pj output of MM TU^ t ? .P 
to the P4 output of MM 1°^' W input .s c^^^^ foi. 
connected to the P3 output of MM 102, ^nd the D4 mput | ^^ ^^ of MM 104, the "C," 

The "Ce" input of CC 1 14 is ««« to ground, wh. e the Co mput .s ^ed to the^^o^^ P^^ .^^^ 

input is tied to the P. °"*P"\°f "^^^^..^''^I^n^outis S to the P output of MM 104. the "D." input is tied to the 45 
Th^™tofCC11Sistied. 

output of MM 103, the "C^" input is ^^^^'''■^'^1^^^^^^^''^^^^^ the "D^" input Is connected to 50 

-t«pT:^J^^Vo?.;h^e^•^^^^ 

MM 103. the "Ca" input is tied to the Ps o"tPUt of MM 102. P ^ ^ of MM 103. the "D3" 55 

55 the "Do" input is tied to the P5 output of MM 104. the input is tiea to me v 

input is tied to the Ps output of MM 1 01 . , ^j^j ^^e Pg output of 

The "Co" input of CC 11 7 is tied to Pe outPUt ofMM !f »Jf connected to the Ps output of MM 
MM 103.the"C."inputistiedtotheP8Outputo^^ 

eo Mi';K;''K^^ " 

outputof MM101. r^ntniitof MM 104 while the "Co" input is connected to the 

Ps output of MM 101. ^^^„rc:iii 118 are connected to four identical arithmetic logic units 65 

65 The output from the column compressors 1 1 1 -l IB are conneoicu lu 
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" A " "R " "A " "B. " "A, " "B2/' and "Ci/' while having outputs labeled So, Sv 52, ^3. ?™ 
T^eoutputsofiheALU's^Vl23^ 

' '"AKoTs:h;wnt Rg^^^ being connected as a carry ripple adder. This was ^ione for simplicity of 
reoresenta ion How^^^ 

represeniation. nu»» , ai 1 1 ion cio,.« i has its "C'inDutconnectedto ground, its Bo input 




.the 

input connected to the -DC^omp^ 

15 ^^3: »A ... AIIM91 i.,connectedtothe"DC"outputofCC112,whilethe"Bo"inputisconnectedto 

The "Ao" input °^ ^LU 121 .s conne^^^^^ „ .^^ 

the "ES" output o CC 1 12. th^^ Ts the " V^^^^^^ tothe "DC" output of CC 1 13. the "B." 

= ™ted?oV^^^^^^^^^ 

20 andthe-eyM^^^^^^^^^ 

J^S^oup^ofccn;^^^^^^^ 

CO ^"l*ho''n<:;''niitnutofCC115,the"A2"inputisconnert^^ DC output otuon&^xne Dj 

that multiplier 108 is given in the fornn: 



40 n-i ^ 

" V 2^ = Y ,Y o----Y-Yo Then Y can be represented 

isO n-1 n-1 




Y e 

J 



45 

as tlxe difference Y = XJ-V 



40 



45 



SO 



50 where u, =|Yi - Yi-i'l"y' - Y'-1<°' ^"'^ 
0 otherwise; and v,=|Yi - Yi-i|ifYi - Y<-i 0 

andOotherwise. ^-.^^^^.^ y^an also bestated as: Y = 1000000000 - OOOOOOOIOO.Thusastringof 

'gr^Tfe'-^^Iced^J^o^^^^^^^^^^^ ^ 
'The multiplicand X in the example above, m^^^^^^ 

subtracted for every 1 in V. However, "t?^,^ Table II may be easily obtained, 

three consecutive binary positions Yi_i and Yhi. 1 ne TO 
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TABLE II 





>i 


Yi+1 


OPERATION 




5 0 


n 


0 


Add zero to partial product 


5 


1 


n 


0 


Add multiplicand to partial product 




u 


1 


0 


Add multiplicand to partial product 


10 


10 

1 


1 


0 


Add 2 times multiplicand to partial product 




0 


0 


1 


Subtract 2 times multiplicand from partial product 




15 1 
0 


0 


1 


Subtract multiplicand from partial product 


15 


1 


1 


Subtract multiplicand from partial product 




1 


1 


1 


Subtract zero from partial- product 


20 



25 



30 



. ^ in Table II above are made possible with the implementation of the hard 

Thus, the operations described '"Jf iqI, 102, 103 and 104 described above, 
wiring inter-connection be^;;'een «i« i„ d^t3i, 35 3 s^gie unit in Figure 

Multiplier multiplexor's 101 102 ^O^^nd IMdesc^^^^^^ ^ "X-l/'inputs "Y-l," "YO' and a 

25 2. Figure 2 shows MM 101 to have inputs Xo ^^^^^'Vj;^^^ 

"Y1 ? as well as the "P" input for duplication of circuitry for handling 

labeled Po through Pe. This multiplier 'P'^^**"' J^J^^^ the c^cuitry interconnections with a break away 
the plurality of inputs in parallel and as such F'g";^ 2 shows tne c^ y . 
portion of that part of the circuitry directly through "X." is an inverter 

30 the output bits Pa through P5. C°""«=if„;°^^5Vu * ut as weH as a complementary, non-inverted output As 
driver having an inverted input and an mverted o"jP^!,J5_7,' ^ ^^nnected to the inverted input of driver 201 , 
to the portion of the circuitry shown in F sure 2 input X i is „^ .. 

while the "Xo" input is connected to the mverted ,^ ;^ .^^^^^^ .„p„, 3 ^^rfh 

connected to the inverted input of a h|^rd cj^ver m^ 35 

35 driver 204. and input "X/' is connected \° ^.^'f '"^f '^^^^^ remaining inputs of the circuit 101 . whereby 
Inverter drivers identical to the driver 201 are co""?2«° J? V^^^^^^ ..^_^r. ■ ^ connected to the 
the "P" input is connected to the m-^ed m^^^^^^^^^ -^^onnect^^^^^^^^^^ °^ ' ^'S*^^*^ '""^^ 

inverted input of seventh driver 207, the Y° '"P"* '^^^^^^^ driver 209. 

and the "Y1" input is connected to «h« 'nverted -nput of a nm . ^^^^ ^^^^^ ^^^^^j^ 

40 connected to the output of «-«=X^h?invTrter2J^ N^^^^^^ 21 2, 21 3 are tied to the driver 202. NAND 
NAND gates 210. 211 are ^J^j^^^^^S^^^^ 216 217 are connected to the driver 204. and 

gates 214. 21 5 are connected to the dnver 203, n anu g«e . 21O through 219 has an 

NAND gates 218, 219 are connected to the driver 205 Eac^' tji^^^^^, J ^^vers 201, 202. 203. 

inverted and a non-inverted (^omplementan^) output. Thejn^^^^^^ ^^^^ ^^^^ 2„ 213. 45 

45 204, and 205 are each connected to an '"P"'^^^^^^^^ 201 . 203. 204. and 205 are each 

215, 217 and 219. respectively, ^he non-inverted output^of t^^^^^ respectively. The 

connected to an inverted input of their ^«=P«^^.«.^^^^^^^ of each of the gates 210, 212, 214. 

inverted output from the driver 206 .s connecte^^^^^^^ ^^ZVoets connected to a second inverted input of the 
216. and 218. while the non-inverted output from tne ariver zuo 

50 gates2l1.2l3.215.2l7and219. and 227 are connected in parallel to the 

^ Seven inverted input NAND gates 221 222. ^23' 224. 225. 226, ana ^^^ected to a first inverted 

output of the drivers 207, 208, and 209. The connected to a first inverted 

input to the gates 221 . 222, and 22 J The mverted °;JP^^*;'^^^^^^^^^^ driver 208 is connected to a 

input to the gates 224, 225. 226 227 The non^nvert^r^g^ou^^^^ ^^^^ ^^^^^ 208 is 

55 second inverted input to the gates 22 '^^^.I'^^^^^^^Zri^^ and 227. The non-inverting output from the 
connected to a second Inverting input on the 9f tes ZZA ^ inverting output from 

driver 209 Is connected to a third inverting input on the S^tes ^22. 224 a 
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the gate 232, while the non-inverting output from the gate 21 2 is connected to a first inverting input to the 
gate 234 and a first inverting input of the gate 237. The non-inverting output from the gate 213 is connected 
to a first inverting input of the gate 234 and a first inverting input of the gate 237. 

The inverting output from the gates 214 and 215 are connected in common and to a first inverting input of 
5 the gate 238 as well as to ah additional gate out of Figure 2. The non-inverting output from the gate 214 is 5 
connected to a first inverting input of the gate 239 as well as to an additional gate out of the figure. The 
non-inverting output from the gate 215 is connected to a second inverting input of the gate 239 as well as to 
an additional gate out of the figure. 

The inverting output from the gates 21 6 and 217 are connected in common to a first inverting input of the 
1 0 gate 243 as well as a first inverting input of the gate 246. The non-inverting output from the gate 216 is 10 
connected to a first inverting input of the gate 244 and a first inverting input of the gate 247. The 
non-inverting output from the gate 217 is connected to a second inverting input of the gate 244 and a second 
inverting input of the gate 247. 

Gates 218 and 21 9 have their inverting inputs tied in together and to a first inverting input of the gate 248 
15 and a first inverting input of each of the gates 251 and 253. The non-inverting output from the gate 218 is 15 
connected to a first inverting input of the gate 249 and a first inverting input of each of the gates 252 and 254. 
The non-inverting output from the gate 219 is connected to a first inverting input of the gate 249 as well as a 
second inverting input of each of the gates 249 and 252 and a second inverting input of the gates 254. 

The inverting output from the gate 221 is connected to a third inverting input of the gate 232, as well as to 
20 each of a third inverting input of the gate 237, an inverting input of the gate 242;an inverting input of the gate 20 
247, and an inverting input of the gate 252, as well as, an inverting input of corresponding gates out of the 

figure. ^. . * 

The inverting output from the gates 222 and 224 is connected together and to a second invertmg input of 
each of the gates 233, 238, 243, 248, as well as gate 253 and corresponding gates out of the figure. 

25 The inverting output from the gates 223 and 225 are connected in common to a third inverting input of 25 
each of the gates 234, 237, 244, 249 and 254, as well as corresponding gates out of figure. The inverting 
output from the gate 226 is connected to a second inverting input of each of the gates 231, 236, 241, 246 and 
251 , as well as corresponding gates out of the figure. The inverting output from the gate 227 is tied to an 
inverting input of each of the gates 235, 240, 245, 250 and 255, as well as corresponding gates out of the 

30 figure. 

The gates 231 , 232, 233, 234, and 235 have their invertmg outputs connected m common and to an 
inverting input of a driver 261 . The inverting output from each of the gates 236, 237, 238, 239 and 240 are 
connected in common to an inverting input of a driver 262. The inverting output from each of the gates 241 , 
242, 243, 244 and 245 are connected in common to an inverting input of a driver 263; while the inverting 

35 output from each of the gates 246, 247, 248, 249 and 250 are connected in common and to an inverting input 35 
of a driver 264; and the inverting outputs from each of the gates 251, 252, 253, 254, and 255 are tied together 
and to an inverting input of a driver 265. The drivers 261, 262, 263, 264, and 265 each have inverting outputs 
and have corresponding counter parts for the circuitry out of the figure, the inverting output from the driver 
261 forms the most significant bit po out of the multiplier multiplexor circuit; while the inverting output from 

40 the driver 262 is the output bit p2; the inverting output from the driver 263 forms the output bit pe; the 40 
inverting output from the driver 264 forms the output bit p?; and the inverting output from the driver 265 
forms the output bit ps- Output bits pz. Pa. pA. and ps they are accounted for from similar circuitry out of the 
figure. 

The column compressors 1 1 1 through 1 18 of Figure 1 are each identically constructed as shown in detail in 
45 Figures3A,and3B.CC111 through 118 operate in parallel to perform a manipulation similar to the following 45 
explanation which includes an illustration in Table III. 

The avoidance of excessive carry-propagation time is implemented by column compression where carries 
are not allowed to propagate until the very last moment. Assuming that the sum of 6 numbers is to be^^ 
calculated. This partial product array may, as an illustration, be represented by the array in Section "a" of the 

50 Table III. . . ^ ^ . . 

Multiple addition as implemented by column compression is achieved by summing independently along 
each column, i.e. counting the number of 1 's in column. Since each column's sum is up to 7, the binary result 
is contained in three bits as shown in Section "b" of the Table III. As an example, the third least significant 
bit's column contains six Vs. These 1's are added up and expressed in binary form, on a diagonal line 

55 beginning from the bottom upwardly to the right, ending directly under the third most significant column of 55 
Section "a." Here a binary "1 10" is written equaling 6. Similarly the number of ones in each of the other 
columns is added and written binarily on a diagonal. A second reduced "array" is written in Section "b" of 
the Table III as a three-row array. 
This operation is performed again and again until the array is reduced to only two rows which can be 

60 operated upon by a simple adder component. With the illustration of Table III the very next reduction 60 
produces a two-row array. Section "c." A simple addition provides the output. Section "d." 
(112-h143+60-l-198+255+100-l-30=898) 
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Aclrcuitdiagran, Showing the detailed c^cuit^f^^^^^^^ 
1 1 5. 1 1 6, 1 17, and 1 18 is shown m Figures 3A as represe^^^^^ figures 3A and 3B. comprise a portion 

25 Compressors, CC 1 1 1 . A plurality of '"^^S^^'o eacTo th^^^^^ """^i 
oftheCCm and are connected, one eac^^^^^^^ 

"Co," "Ci," "C2." "C3," "C., ' "Cs. ' «"J..,^«^,f,'';^^33Vn nvert^ input. Column compressor 111 input ''D5 
inverting output and a no^"^^;;''"^ is connected to the input of the driver 302: 

is connected to the input of the d/'^J f OJ '^J '^^^^^^ is connected to the input of driver 304; the 

30 the "D3" input is tied to the input °* "^'^.^r^^O^^^^^^^^ is connected to the input of driver306; the 

"Di" Input is connected to the input of dr ve 305, the Do "P ^ ^^.^^^ 308; the "C^" 

••ol" input is connected to the input of driver 307, the Cs '"P";^ * ^^ver 31 0; the "Cj" input is tied to 
input is tied to the inputofd^e^ 

35rrr«r.^i-^^^^^^^ 

The inverting output of driver 301 is connected to 

rtSrirrg^»^^^ 

'rrvrrX'omdriv^^^^^^^^^^^^ 

322 as well as the gates 324 and 326. The °"/S^Bach of the gates 323 and 325. 

rnverting input of another gate and,^"'";^^^^^^^ the gate 320 and an inverting 

The inverted outputfrom driver 303 connected to an in J ^ non-inverted output 

^^:sshowninPigure3Adrivers304,305an™^^^^^^^^^ 

respectively in an identical "J^" J^^^'e'^S^^^^^ 305. 306 and 301. 302, and 303 all being of the 

322%23, 324, 325 and 326 as descnbed above, the d^^^^^^^ 

50 same type, and the gates 320 through 326 and 3^^^^^^^^ ^ respective interconnections w'* re=P«ct 

Referring to Figure 3B, ^he dnvers 308, 3M and 3io m 301, 302, and 303 and the gates 320 

to additional gates 340, 341 . ^"'^•^'I'^'f^l^^^^ 313 are identically interconnected to 

through 326 described above. Likewise, the dnvere 31 1 , ^ a 

additional gates 350, 351 . 352. f53. 354 355 and 356 ^^^^^ 350 through 356. a 

As with the initial bank of ga es 320 compression. Included in this second bank 

second bank of like gates is *° t'/fi 3e^^ 371 ,372, 373. 374 and 375. The non-inverted 

are the gates 360, 361. 362. 363. 364, 365, 366. 367 368 369. 370^^^^ 36I. while the inverted outputfrom 
Ltputf'romthegate320isconnectedtoan.^^^^ and to the invert^ output 

the gate 320 Is connected m common ^ th the '^^^^^^^^^ and an inverting input to the gate 362. The 

60 f rorS the gate 322 as well «;^*°/"J"^/,3:„P^^^^^^^ input to the gate 361. The non-inverted 

non-inverted output from the gate 321 is ^ing input to the gate 361 . 

output from the gate 322 is connected t° ^^^'.^"^^^ input thereof connected In common and to 

T^e gates 360 and 361 gsVand 322SL^^a^^^^^^^ also in common. . 

theinyertedoutputoft^^ 
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inout of each of the gates 364, 365 and 367. While, the non-inverted output from the gate 323 is connected to 
Tnvting in°pi5 o?:ach of the gates 363 and 366. The -"^-erted output f^m th^ 
to another invertinq input of the gate 363 and another inverting input to the gate 366. The non invertea 
outpuHrom th^^^^^^^ is connected to another input to the gate 363 as v.ell as another inverting mput to 
5 the gate Se^Th^ output from the gate 326 is connected to another inverting input of the gate 5 

363 and another inverting input to the gate 366, «„„T,,in anH mnnected to 

The gates 333, 334, 335 and 336 each have the inverted output connected in f^^^^'^^^.f.^J^^f *° 
«nnther fnvertina inoutto the gates 363 and 366, and to another inverting mput of the gate 364. The 
Ton-lliverd oXut fr^ gates 333, 334, 335 and 336 are each connected to a different inverted mput of 

^° ^^'nSver 307 has its inverted output connected to an inverting input on each of the gates 363. and 365 as well 
as^raninveSnputonanothergat^ 

=innth*>r invertina inout of the gate 364 as well as an inverting input to another gate J»i . . 
GatrsaoSranotreJ^ 15 
15 thi?d nveTng inpu^^^^^ to the non-inverted outputfrom the gate 367. A second inverting input of the 15 

gatesSllsconne^^^^ 

TqllreSB shows an identical circuit interconnection for the gates 340, 341 , 342, 343, 344 345, 346, 350 351 

^pcted to the inverted output of the driver 314 which is also connected to an inverting input of both the 
25 Ste l?3 and^t'he gate 371 .GaTe 383 has an inverting input connected to the inverted output of the gate 374 25 

a^d the inserted output of the gate 375. A secPnd inverting input of the gate 383 

nJn-interted oi^tput of the driver 314 which is also connected to an inverting "?P"t to the gate 372. 
Thrn«t«: 380 381 382 and 383 continue the compression process and are joined by gates 384, 385, 386,^ 

387188 and 3?9 a^d driv;;s 390 and 391 . The gate 380 has an inverting input connected to the non-inverted 
30 ouIpufofTht gate 360 and a second inverting jnP^t connected to the inv^^^^^^^ 

inverted output of the gate 362, as well as, an inverting input of the gate 386. Gate ^^'^P^tl^"?}^^^ 
jDuJSnnected to an inverting input of the gate 385 and the inverted output of the gates 363, 364 and 365 

input conneciea to mi mvc a k _ epcnnd invertina input connected to the non-inverted 

"'t'VTthraTelei w^e" tSird i^^^^^ fs conneciert^th^e no'n-inverted output of the gate 363. ^ 

gate le/while a third inverting input to the gate 386is connected to the nonMnverted output of the gate 364. 
A fnnrth Invertina inout of the gate 386 is connected to the non-inverted output of the gate 365. 
""^he driSi aX^^^ 388 and 389 are connected in an '^e^f ^' ^^^^^^^^^^^ 40 

40 the outputs from gates 368 through 363 as described above with respect to he dj^er 3^ and the gates 384, 

385 and 386 regarding interconnection with the outputs from the gates 360 through 365. 

An?nverted output from the driver 390 and an inverted output from the gate 384 are connected in common 
topJoTdeThe-S?^^^^^^ 

ouUfromthegate383are^con^^^^^^^^^^ ,5 
45 Column compressor^^^^^^^^ 

r=^irg^te°X^ .0 

Gate 380 has "°" '"'"^ ^q^^^ and gate 381 have their inverted outputs connected together 

L"nd?oanSigin^^^^^^^^^^ 
fnvertinginXfaSrgat^^^^ 

'° '"rLSa'?d3%1hrfthe^^^^^^^^^^^ 

an^n^ert n fn^ut ol the gate 4ot inverting input of the gate 403 and 

n^t^rdoe GateSs has its non-inverted output connected to another inverting input of the gate 404 and 
^;l^°r Inverting in^^^^^^^^^ 407. Gat'e 389 has its.non-inverting output connected to another mverted 

65 input of the gate 404 and another inverting input of the gate 407. 
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10 



15 



Column compressor 1 1 1 has its "S^b" input connected to another inverting '"put of the gate 403 and 
another inverting input of the gate 404 as well as an inverting input of another gate 408. 

T^eTnlerted outputs from tSe gate 392, the gate 393 and the gate 394 isco"necte<^-n common to an 
invertina fnout to another driver 395. The inverted output from the driver 395 is the "Ec" output from CC 1 1 1 . 
5 Vhe Sed cutouts f r^^^^^^ gates 402. 403 and 404 are connected in common and to an mvertrng input of a 
jHveTo?Srivi?4?5 ^ output as the "Dc" output from the CC 1 1 1- Gates 396 and 397 have 

thernon nverted outputs connected to separate inverting inputs of a gate 399. Gate 399 also has a third 
nvlrSna noSt co^^^^^^^ output from a driver 398. Another gate 400 has an inverting input 

"onneSdr^^^^^^^^^ Output from the gates 396 and 397 which have been connected in common^ ^e 
10 nonTnverteS output from the driver 398 is connected to a ^^"J ■"-"-^^ 

-irs^a^diiTar^^^^^^^^^ 

TpprorSS'a srnX-eTase column propagation do,ay .in.a. No pipeline schemes ere ur.hzed and no 

- rSea^hS^Zte^^^^ 
illustrative and shall not betaken in the limiting sense. 

CLAIMS 30 

30 . . 

La*„st;2'pTr2XretrrvTu57ennda«^ 
%"''Te clr"cuit of Claim 2 wherein said compressing means includes a colurnn compressor connected to 



50 -v 



"T'-S'^oS* Clelm 6 Wherein eald plurality of column compreeeors each performa a parallel 

=^ T''r'c°^;%?aei;n%tr?n'^^^^^^^^^ 

eo-ir^^«?.r:iTht.rs^rd'rraZT:u^^^^^^^^ » 

plurality ofcoluinn 'O"'?''''"'' 'l'^.^ ,Mi^„ (Inal product means Includes four arithmetic logic unite 
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illustrate'd in, the accompanying diagrammatic drawings. ... 

13, Any features of novelty, taken singly or In combination, of the binary multiplication circuit as 
hereinbefore described with reference to the accompanying diagrammatic drawings. 
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